In 2009, human Dobrava-Belgrade virus (DOBV) infections were reported on the Black Sea coast of Turkey. Serologic and molecular studies of potential rodent reservoirs demonstrated DOBV infections in Apodemus flavicollis and A. uralensis mice. Phylogenetic analysis of DOBV strains showed their similarity to A. flavicollis mice-borne DOBV in Greece, Slovenia, and Slovakia.
T he genus Hantavirus, family Bunyaviridae, contains human pathogenic viruses that cause hemorrhagic fever with renal syndrome (HFRS) and hantavirus cardiopulmonary syndrome (1) . HFRS in Europe is caused mainly by Puumala virus and different genotypes of DobravaBelgrade virus (DOBV) (2) . In Asia, Hantaan virus and Seoul virus cause most HFRS cases. Hantaviruses are enveloped viruses with a single-stranded 3-segmented RNA genome of negative polarity. The small (S), medium, and large genome segments encode the nucleocapsid protein, the glycoproteins Gn and Gc, and an RNA-dependent RNA polymerase, respectively.
Hantaviruses have been detected in various rodent, shrew, mole, and bat species (3) . They are transmitted to humans by inhalation of aerosols that are contaminated with urine, feces, and saliva of infected reservoir hosts. The human pathogenic DOBV was first isolated from a yellownecked field mouse (Apodemus flavicollis) and, subsequently, from a striped field mouse (A. agrarius) and a Caucasian wood mouse (A. ponticus) (1) . The association of DOBV with these different Apodemus species seems to determine its human pathogenicity, with the A. flavicollis-associated genotype Dobrava being the most life threatening (1) .
Few reports about hantavirus seroprevalence in human and rodent populations in Turkey occurred before 2009 (4, 5) . In February 2009, the first hantavirus outbreak among humans in this country was described in 2 provinces in the western Black Sea region (6; Figure 1 ). DOBV-reactive antibodies were reported for 7 of 200 patients who had renal symptoms in a region near the Aegean Sea (7). In 2010, DOBV RNA was detected by a nucleic acid test in urine from a person in Istanbul Province who was experiencing fatigue, diffuse pain, nausea, and vomiting (8) . The reservoir host(s) and virus strain(s) causing human infections on the Black Sea coast of Turkey remained unknown.
The Study
After the hantavirus outbreak in 2009, a National Hantavirus Study Group was founded in Turkey. Coordinated by this group, in June 2009, a total of 173 rodents and 2 shrews were collected from 7 sites in the rural area of Bartin Province in the western Black Sea Region, where suspected human hantavirus cases had been reported (Figure 1) .
To determine the presence of DOBV in rodent tissue samples, we developed a single tube reverse transcription quantitative PCR (RT-qPCR) using the QuantiTect Probe RT-PCR kit (QIAGEN, Hilden, Germany) and novel primers and probe (online Technical Appendix Table, wwwnc. cdc.gov/EID/article/20/1/12-1024-Techapp1.pdf). For that purpose, spleen, liver, and lung samples from each animal were pooled and homogenized in sterile phosphate-buffered saline (pH 7.0). RNA extraction was performed by using a commercial viral nucleic acid isolation kit (Vivantis, Selangor Darul Ehsan, Malaysia). The reaction mixture (total 25 µL) of the RT-qPCR assay consisted of 1.5 µmol/L of each primer, 0.8 µmol/L of the probe, and 5 µL of RNA. Positive (100 copies of DOBV genotype Dobrava isolate small (s) segment containing control plasmid) and negative control (ultrapure water) reactions were also included in each test. Thermal cycling was carried out in a RotorGene 6000 (QIAGEN) at 50°C for 30 min, 95°C for 15 min, then 45 cycles of 15 s at 94°C, 30 s at 60°C, and 1 min at 72°C.
The RT-qPCR revealed 23 DOBV RNA-positive rodents, including 10 A. flavicollis mice, 12 A. uralensis mice, and 1 Rattus rattus rat (Tables 1, 2) . The viral RNA load varied from 7.2 × 10 2 to 4.6 × 10 6 copies/mL. Most DOBV-positive rodents were from neighboring trapping sites in Akbas, Bogaz, and Kumluca Districts of Bartin (Table 1 ) might be because a DOBV-specific RT-qPCR was used that is unable to detect bank vole-associated PUUV.
Serum samples from all 173 rodents were screened by a commercial enzyme immunoassay (Hantavirus DxSelect; Focus Diagnostic, Cypress, CA, USA) that used antimouse IgG and IgM conjugates (Sigma-Aldrich Chemie, Taufkirchen, Germany). The assay found that 11 (6.4%) and 36 (20.8%) animals contained hantavirus-reactive IgM and IgG, respectively (Table 1) . Eight (4.6%) serum specimens were positive for both IgM and IgG, whereas 3 (1.7%) and 28 (16.2%) samples were positive for either IgM or IgG, respectively. The hantavirus seroprevalence varied between the different trapping sites and rodent species investigated (Table 1) . Serologic status of the 23 RT-qPCR positive animals was proven by indirect immunofluorescence assay (IFA) as described by manufacturer (Euroimmune, Lübeck, Germany) except using fluorescein isothiocyanate (FITC)-labeled anti-mouse IgG conjugate (Sigma-Aldrich Chemie). The IgG ELISA results were confirmed for 5 samples, whereas 5 additional samples demonstrated a different reactivity in ELISA and IFA ( Table 2 ).
All DOBV RT-qPCR positive samples were subjected to conventional S-segment RT-PCR, which produced an amplification product of 790 bp for sequence analysis. After denaturation of RNA at 70°C for 5 min, cDNA was synthesized by using Moloney murine leukemia virus RT and random hexamers (MBI Fermentas, Vilnius, Lithuania), by incubating at 25°C for 10 min and thereafter at 37°C for 1 h. PCR amplification was carried out by adding 3 µL of cDNA into a reaction mix containing 75 mmol/L Tris-HCl (pH 8.8), 20 mmol/L NH 4 (SO 4 ) 2 , 2.4 mmol/L MgCl 2 , 10 pmol of each primer, 0.2 mmol/L dNTP, and 5U Taq DNA polymerase (MBI Fermentas). The initial denaturation for 6 min at 94°C, was followed by 40 cycles each at 94°C for 1 min, 52°C for 1 min, 72°C for 2 min, and a final extension at 50°C for 1 min and 72°C for 10 min. Analysis by agarose gel electrophoresis revealed amplification products of the expected size for 21 samples. The PCR products were purified by using PCR/Gel purification kit (GeneMark Technology Co., Taichung City, Taiwan) and cloned into pJet1.2 blunt (MBI Fermentas). Plasmid DNA was directly subjected to sequencing in CEQ 8000 Genetic Analyzer (Beckmann Coulter, Brea, CA, USA) using the Dye Termination Cycle Sequencing Kit (Beckmann Coulter). The nucleotide sequence identity among the obtained 21 S-segment sequences (GenBank accession nos. KF615886-KF615906) was very high, reaching 99.2 %. For phylogenetic analysis 2 novel DOBV strains found in A. flavicollis (Table 1 , number 81/09; accession no. HQ406826) and A. uralensis (Table 1 , number 80/09; accession no. HQ406825) were selected that showed a nucleotide sequence identity of 99.1%, whereas the amino acid sequence identity of the corresponding part of the nucleocapsid protein was 98.7%. A phylogenetic analysis of these 2 Apodemus-derived DOBV sequences from Turkey confirmed their strong similarity to A. flavicollis-associated DOBV genotype Dobrava sequences from Greece, Slovenia, and Slovakia (Figure 2) . The sequence divergence of the 2 sequences from Turkey to other genotype Dobrava sequences was found to be 3.8% at nucleotide level (0.7% at amino acid level). The sequence divergence to DOBV sequences from A. ponticus and A. agrarius mice was found to be much higher, up to 15.2% and 6%, respectively.
Conclusions
Human infections with members of the A. flavicollis-associated DOBV lineage have been described in Slovenia, Greece, Serbia, Montenegro, the Czech Republic, and Hungary (2). The current study of rodents in Turkey identified DOBV genotype Dobrava (DOBV-Af) as a potential causative agent of the hantavirus outbreak on the Black Sea coast of Turkey. This conclusion is in agreement with previous findings in patients from this region (6, 8, 10) .
Notably, this study demonstrated closely related DOBV sequences in A. flavicollis and A. uralensis mice and a high DOBV prevalence in both species. This observation might indicate multiple DOBV spillover to A. uralensis mice. In addition, we found a single spillover infection here in rats (R. rattus). Similarly, spillover infections of DOBV genotype Dobrava (DOBV-Af) in Mus musculus and A. sylvaticus mice and of DOBV genotype Kurkino (DOBV-Aa) in A. flavicollis mice have been reported (11, 12) . Alternatively, the frequent detection of DOBVspecific nucleic acid in A. uralensis mice may indicate that this rodent species functions as a reservoir. Previously, in a study in Czech Republic A. uralensis mice were found to contain hantavirus antigen (13) . These findings underline the current problem of identifying hantavirus reservoirs (14) as was recently also observed for European Tula virus (15) . The detection of hantavirus-reactive antibodies and the absence of hantavirus RNA in Myodes species might be explained by DOBV spillover infections or, alternatively, by the presence of another hantavirus not detected by the RT-qPCR assay used here. Therefore, future studies 
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